The present study brings together two research directions which have been developed in this decade: social attention by gaze cueing and change blindness in shape perception. To integrate these research directions, we examined the early component of social attention triggered by the interpretation of another person's eye gaze in the change detection task with the flicker paradigm. In the early stages before 0.5 s from the beginning of the flickering presentation, congruency of gaze cueing yielded superior performance in detecting changes of simple geometric shapes presented on the side congruent with the eye gaze direction compared with the opposite side incongruent with it. Time course analysis showed that this advantage by gaze cueing diminished in the late stages after 0.5 s. This short-term effect of gaze cueing on change detection reflected an early component of social attention.
People interpret another person's face. Thereby they are likely to pay attention to the direction along the eye gaze in the perceived face. This social attention triggered by the perception of eye gaze has been examined in the experiments with gaze cueing paradigm (Driver, Davis, Ricciardelli, Kidd, Maxwell, & Baron-Cohen, 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999; Yoshikawa & Sato, 2000) . Friesen and Kingstone (1998) pioneered this research direction by showing that the perceived gaze cue of a schematic face improved the performance of the detection, localization, and identification for items presented on the side congruent with the gaze cue. Experiments have been conducted in this decade to examine the social attention by gaze cue direction by focusing on aspects such as image attributes, temporal characteristics, emotional expressions, head orientations, cortical activities, and so forth (Fischen, Bayliss, & Tipper, 2007, as a review) .
In the same decade, another pioneering research direction of change blindness has been developed by showing failures caused by the absence of visual attention in detecting salient changes in the scene presented as a sequence of images (Rensink, O'Regan, & Clark, 1997; Simons, 2000) . The groundbreaking study of Rensink et al. (1997) proposed the flicker paradigm in which inserting blank fields between changing images brought about change blindness. Other methods such as mudsplashes, film cuts, saccadic eye movements, and slow changes have been proposed to cause change blindness (Levin & Simon, 1997; McConkie & Currie, 1996; O'Regan, Rensink, & Clark, 1999; Simons, Franconeri, & Reimer, 2000) . Phenomena of change blindness have been discussed referring to aspects such as visual buffer, object recognition, visual attention, and so forth (Rensink, 2002; Simons & Rensink, 2005) .
Although gaze cueing and change blindness share visual attention as a key concept concerning their underlying mechanisms, only a small number of studies have been conducted to bring together these two research directions. Rensink et al. (1997) made a comparison between conditions of change in a central interest (CI) and change in a marginal interest (MI), and consequently, found superior performance in detecting changes occurred at the focus of persons' attention perceived in the scene compared with changes occurred at other places. This difference in the performance of detection allows us to examine the various aspects of attention shift by using change blindness. Langton, O'Donnell, Riby, and Ballantyne (2006) revisited this issue of social attention and confirmed that the direction of a person's face perceived in the scene improved the performance for change detection.
The present study examines the early component of social attention by analyzing temporal characteristics of the effect of gaze cueing on the performance of a change blindness task with the flicker paradigm. Studies of gaze cueing have shown that the critical period for social attention triggered by gaze cue is fractions of a second from the beginning of the target presentation. Friesen and Kingstone (1998) showed a significant effect of gaze cue in a schematic face in the conditions that the stimulus onset asynchrony (SOA) was 105 ms, 300 ms, or 600 ms, but not in the condition that the SOA was 1,005 ms. Driver et al. (1999) , in the second experiment in particular, showed that a significant effect of gaze cue in the natural image appeared when the SOA was 300 ms or 700 ms, but did not appear when the SOA was as short as 100 ms. By using head orientation of a person in the image, Langton and Bruce (1999) showed different results: a significant effect of head orientation cue appeared when the SOA was 100 ms, but the effect disappeared when the SOA was 500 ms or 1,000 ms.
Transient and sustained components have been differentiated in the short-term visual attention (Nakayama & Mackeben, 1989) . Previous studies which showed that attention shift triggered by gaze cueing diminishes in 100 ms to 500 ms suggested this type of attention shift reflected the transient component (Driver et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999) . Change detection tasks require the sustained component, because blank fields between changing images limit the availability of the transient component (Yokosawa & Ohtani, 2003) . Unlike other studies which examined gaze cueing, Langton et al. (2006) employed change detection tasks for which the sustained component should be needed, and thus found the effect of gaze cueing on the detection of changes in the image. This result suggested that the transient component of attention triggered by gaze cueing influenced the change detection tasks which required the sustained component. The tasks in Langton et al. (2006) , however, had a long presentation period (3 s to 13 s, which are shown in Figure 3 of their paper), and hence these were not sufficient for the precise analysis of the temporal characteristics of attention in fractions of a second.
To analyze the performance in such a short period which reflects the transient component, we simplify presented figures and presentation times. Simple geometrical shapes are used to present the gaze cue and the target to be detected, instead of natural shapes usually used in the studies of change blindness. Geometrical varieties of natural shapes are avoided, because they might complicate observers' performance especially in the initial stage of visual processes. For this purpose, the gaze cue is presented in a schematic face similar to Friesen and Kingstone (1998) , and the targets to be detected are presented as simple geometrical shapes. Concerning temporal aspects, presentation periods are set as short as possible for the precise analysis of the temporal characteristics. In the experiments, the repeated presentation of flickering images enables us to analyze performance by the repetitive cycle at the length of 267 ms.
METHOD

Design:
A within-observer experimental design was used to examine two effects: gaze cue congruency and cycles of repetitive presentation. Trials were composed of three degrees of the gaze cue congruency (congruent, incongruent, and neutral conditions) and four types of cycles (one, two, three, and four cycles of repetitive presentation) were randomized for each observer. Details will be shown in the following sections.
Observers:
Eight undergraduates and one graduate (four men and five women) aged 20 to 25 (mean age, 22.0 years) participated in the experiment as observers. All of them had normal or corrected-to-normal visual acuity. None of them was aware of the purpose of the experiment.
Apparatus:
A 17'' screen of the liquid crystal display (DELL Corp., E173FPb) with a refresh rate of 60 Hz was used to present stimuli. The display was controlled by a personal computer (DELL Corp., OptiPlex GX280) with the program on E-Prime (Psychology Software Tools, Inc.) The viewing distance was set to 57 cm. The experiments were conducted in a quiet room illuminated with fluorescent lamps.
Stimuli:
A schematic face was presented at the center of the screen as a gaze cue. The face drawn in black (0.13 cd/m 2 ) against the white background (28.4 cd/m 2 ) extended 7.5 deg × 7.5 deg. The eyes of the face showed one of the three gaze directions: left, center, and right (Fig. 1) .
Six hexagons surrounding the face cue were used for the targets to be detected. These simple shapes were used to equalize the difficulty in each trial. They were a regular hexagon which extended 3.5 deg × 3.5 deg and slightly deformed ones by the rule that a new side was made by drawing a line between the middle points of adjacent sides of the regular hexagon (Fig. 2) . The six hexagons were chosen from the seven hexagons composed of the regular one and six deformed ones. Three of the six hexagons were vertically aligned on the right side apart from 9.0 deg from the midline of the screen and the three others were on the left side. Vertical positions were randomized that the distances between the centers of adjacent hexagons were 5.5 deg to 7.5 deg. These hexagons were drawn in the same black used for the face against the white background.
In the experiment, the target to be detected was defined as the hexagon that was changed into another hexagon which was not used in the initial presentation. The position of the target was randomly chosen from the six positions on the screen. Half of the trials except those in the neutral condition had a valid cue in which the change occurred at one of the three target positions on the side congruent with the gaze cue, whereas the other half of the trials had an invalid cue in which the change occurred on the side incongruent with the gaze cue.
Procedure:
After ten trials for practice, observers performed a change detection task, in which they detected a shape change at one of the six positions. Each trial began with the presentation of a schematic face without black eyes for 1,000 ms followed by a gaze cue and six targets on the screen. The gaze cue with black eyes looking at a direction randomly chosen from right, center, and left was presented stationary until observers' response. The initial version of the targets was presented for 100 ms followed by a blank field for 33 ms, and then the changed version was presented 100 ms also followed by the same blank field for 33 ms. These presentations were repeated, thereby the unit cycle was made up by the repetitive presentation for 267 ms (Fig. 3) . In a trial, the number of cycles was randomly chosen from four numbers of one, two, three, and four, and accordingly, the presentation of trials lasted for one of the periods of 267 ms, 534 ms, 801 ms, and 1,068 ms. The target change occurred at one of the six positions that the hexagonal shape changed into another hexagon. The position at the change was randomly chosen from six positions. After the cyclic presentation was finished, the observers reported the target position where they judged that the target change occurred. A feedback was given.
Seventy-two trials were blocked: three conditions of gaze cue (right, left, and center), four numbers of cycles (one, two, three, and four), and six target positions (three in the right and three in the left.) Trials with the gaze cue directed to the right contained 24 congruent cue trials and 24 incongruent cue trials, and those with the gaze cue to the left contained the same number of congruent and incongruent cue trials. Thus observers could not predict the congruency of the gaze cue. Trials in which the gaze cue directed to the center were irrelevant of the gaze cue congruency, and thereby, they were used as control conditions. Each observer conducted six blocks of the experiments for 40 minutes.
RESULTS
Trials were classified according to the number of cycles and cue congruency. Results of the nine observers were pooled into analysis. The percentage of trials in which the observers made correct judgments was plotted in Fig. 4 . A two-way analysis of variance showed a highly significant effect of cycles (F(3, 24) = 71.4, p < .01). This main effect ensured the validity of setting the presentation periods to elucidate the temporal characteristics. The interaction between cycles and cue congruency showed a significant Fig. 1 . Gaze cue in a schematic face directing to the left, the center, and the right. effect (F(6, 48) = 2.98, p < .05). This significant interaction between cycles and cue congruency indicated that cue congruency had different temporal characteristics. Posthoc analyses showed that significant effect of cue congruency in the condition of one cycle (F(2, 16) = 3.94, p < .05) and in the condition of two cycles (F(2, 16) = 5.63, p < .05). Fisher's LSD analyses showed significant differences (p < .05) between the congruent and incongruent conditions at one cycle, between the congruent and incongruent conditions at two cycles, and between the incongruent and neutral conditions at two cycles. None of the others reached a significant difference. Consequently, inferior performance in the incongruent condition was shown at two early cycles of one and two, and not shown on the later cycles.
DISCUSSION
The results showed inferior performance in the incongruent condition at the first two cycles where the SOA was 267 ms or 534 ms. This inferiority was a short-term property, because it diminished at the three or four cycles where the SOA was 801 ms or 1,067 ms. We hence conclude that the results indicate the congruency of gaze cue brought about a short-term effect on the detection of changes.
Compared with previous studies, the result of our study is consistent with that of Friesen and Kingstone (1998) . Their results showed a significant effect of gaze cueing at the SOA shorter than 600 ms and no effect at longer SOA, whereas ours showed a significant effect at the SOA shorter than 534 ms and no effect at longer SOA. Their experiments and ours shared a common method for gaze cueing in a schematic face. Yet their tasks were different; the former used detection, localization, and identification against the presented letters and measured reaction times, whereas the latter used change detection and compared percentage correct. Despite the difference in difficulty between the change detection task in our study and detection, localization, and identification in Friesen and Kingstone (1998) , these two studies have brought about the same results that the effect of gaze cueing diminishes in half a second. Considering the commonality in result in spite of the variety in task, we conclude that the short-term social attention triggered by gaze cueing in a schematic face has a general effect on the visual processing and has a lifetime for half a second.
Our results showed significant differences between the congruent and incongruent conditions at one cycle, between the congruent and incongruent conditions at two cycles, and between the incongruent and neutral conditions at two cycles. Studies of gaze cueing (Driver, et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999; Yoshikawa & Sato, 2000) showed that perceived gaze cue improved the performance of the detection. However, our results did not show the difference in performance between the congruent condition and the neutral condition, and did show a performance drop only in the incongruent condition. This difference in the results might be caused by the difference in the number of the objects in the image. Studies of gaze cueing have usually used only one object on each side, whereas our study used three objects. Smaller number of objects should reap greater benefit of attention (Cavanagh & Alvaretz, 2005) . Not only gaze cueing but also number of objects affects attention needed for the change detection task. Further examination is needed to examine the effect of the number of objects on the attentional benefit by cueing.
A question arises: which is the difference between congruent and incongruent conditions brought about, improvement or deterioration by the shift of social attention? The results of Langton et al. (2006) suggest that both are effective, because their change blindness experiments using the direction of a person's face perceived in the scene showed superior performance between their congruent and neutral conditions and also inferior performance between their incongruent and neutral conditions. To answer the question about our results, we take a close look at the differences between the neutral condition and others, and find no significant difference between the congruent and neutral conditions, as a result. This difference does not suggest improvement by social attention by gaze cue congruency. Meanwhile, a significant difference is found between the incongruent and neutral conditions at two cycles. This difference does suggest that the shift of social attention deteriorated the performance in the incongruent condition and consequently brought about the performance difference between the congruent and incongruent conditions. However, no significant difference between the incongruent and neutral conditions was shown at one cycle, although the comparison between the congruent and incongruent conditions showed a significant difference at this cycle. Thus we do not draw a premature conclusion. Further examinations are needed to elucidate the nature of social attention.
